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were taken at each milking. Daily composite samples were prepared and analysed for fat content by the Gerber method (British Standards Institution, 1955) . At regular intervals throughout the experiment weighted composite samples representing the milk secreted over 2 days were also prepared and analysed for the fatty acid composition of the milk fat by gas chromatography (Storry & Rook, 1965) .
Samples of blood were taken from the jugular vein through an indwelling Polythene cannula, that had been inserted some days previously, at 9.00, 12.00 and 15.00 h on certain days at intervals throughout the experiment. Ice-cold, trichloroacetic acid filtrates of whole blood for the determination of lactic acid (Barker & Summerson, 1941 ; Pennington & Sutherland, 1956), methanol-chloroform (I : 2, v/v) extracts of plasma for the determination of lipids and samples of plasma for the determination of volatile fatty acids (Storry & Rook, 1965) glucose (Somogyi, 1952) and ketone bodies (Reid, 1960) were prepared and stored for analysis as already described (Storry & Rook, 1965) .
R E S U L T S
Milk yield and composition Milk yield (Figs. I and 2). The replacement of hay and concentrate cubes in the diet by flaked maize was adjusted to maintain or slightly to increase the total starch equivalent of the daily diet and, consistent with this, the milk yield of Brilliant 2 showed only a slow decline throughout the period of the experiment. The milk yield of Glee 6, however, fell noticeably from the 21st day to the 38th day of the experiment, when the diet offered provided only 2 kg of hay and 8 kg of flaked maize, and recovered on the reintroduction of the control diet.
Fat content (Figs. I and 2) . Both cows maintained the original fat content, of 4.0-4-5 %, throughout the initial stages of the changeover from the control diet, and in fact the fat content of the milk of Glee 6 tended to increase up to day 24 when the daily ration of hay had been reduced to I kg and that of flaked maize increased to 5 kg. Thereafter the fat content fell sharply but irregularly, over a period of 8-10 days to a minimum value of about 1.5 % for both cows. On the abrupt return of the cows to the control diet, the fat content did not recover immediately but increased progressively to the original value over a period of 2-3 weeks.
Fat composition (Table I) . With the depression in the fat content of the milk there were large decreases in the relative amounts of the major saturated acids and corresponding increases in the unsaturated acids. The proportions of the cis-and transisomers of octadecenoic acid in the milk fat varied with the amount of flaked maize in the diet. The proportion of the trans-acid (elaidic or trans-vaccenic acid) increased in both cows from a value of about 10% of the total octadecenoic acid on the control diet to a maximum of about 50% on the diet low in hay and high in flaked maize. T h e same phenomenon has previously been observed in the milk fat of cows offered a diet low in hay and high in concentrates supplemented with cottonseed oil (Moore & Williams, 1963) . The fatty acids of cottonseed oil and, to a lesser extent, of flaked maize are rich in linoleic acid, and it seems probable that on low-roughage diets, when
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Fatty acid yields (Figs. I and 2) . The falls in fat percentage were the result of a reduced secretion of all the major component fatty acids of milk fat, although the fall A-A, stearic acid ; F a , oleic acid ; A-A , linoleic + linolenic acids).
was less marked with oleic acid and with linoleic acid plus linolenic acid than with the other acids. For Glee 6 the yields of all the major acids from butyric acid up to and including stearic acid were reduced to about 20% of the original yield, whereas the yields of oleic acid and linoleic plus linolenic acids were reduced to about 70%. A https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650009 more marked fall in the yields of oleic acid and linoleic plus linolenic acids, but still relatively less than that of other acids, was observed for Brilliant 2, but a part of this fall appeared to be the result of a lactational trend, since the yields of these acids recovered only partially in spite of the recovery of milk fat content to its initial value. The slight increase in fat content of the milk of Glee 6 in the early stages of the change of diet was associated with a twofold increase in the yield of linoleic acid plus linolenic acid. 
Blood composition
Daily mean values for the concentrations of the various blood constituents are presented graphically in Figs. 3 and 4. Volatile fatty acids. The concentration of acetate decreased markedly with the introduction of large amounts of flaked maize into the diet and the reduction of the amount of hay. The changes in concentration throughout the experiments were, however, much more closely related to the changes in milk fat content than to the changes of diet. With Glee 6, during the changeover from the control diet to the diet low in hay and high in flaked maize, the concentration of acetate decreased slightly for a short period and then recovered to the original level, and was maintained there until the sharp fall in fat content occurred about 3 weeks after the first change of diet. A delay in recovery of the original acetate content, which followed the pattern of https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650009
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The concentration of acetate in blood varies widely throughout a feeding interval, with a maximum usually 2-3 h after feeding, but the depression in concentration with The concentrations of propionate and butyrate were at all times low, mainly within the range of 0.01-0.03 m-equiv./l., but the values for propionate in the blood plasma of Glee 6 increased to a maximum of 0.05 m-equiv./l. when the amount of flaked maize in the diet was high. P-Hydroxybutyrate. The initial changes of diet were associated with about a twofold increase in the concentration of P-hydroxybutyrate in blood plasma, and Glee 6, whose fall in milk fat content was considerably delayed, maintained a high concentration until the drop in fat content occurred. Subsequently, however, with both cows and at the same time as the fall in fat content occurred, the concentration of Phydroxybutyrate gradually decreased to about half of the initial values. As with the concentration of acetate, the concentration of P-hydroxybutyrate did not immediately recover after the reintroduction of the control diet but tended to follow the recovery in milk fat content.
Glucose. The concentration of glucose in the blood plasma of both cows increased measurably with the introduction of large amounts of flaked maize into the diet and returned to the initial levels shortly after the reintroduction of the control diet.
Lactic acid.
The values for the concentration of lactic acid varied from 4 to 6 mg/ IOO ml, and for Brilliant z the highest values were observed when the diet contained a large amount of flaked maize.
Lipids. There was no effect of diet on the concentration of unesterified cholesterol. The concentrations of phospholipid and cholesteryl esters fell markedly towards the end of the period on the low-roughage diet and, with the exception of the phospholipid concentration of Glee 6, recovered with the reintroduction of the control diet.
The concentration of triglycerides was low in the plasma of both cows, but was nevertheless depressed in association with the reduction in milk fat content. From early studies of the effect of low-roughage diets on milk-fat secretion (Tyznik, 
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propionic acid i n the rumen contents of cows on low-roughage diets, it was concluded that the fall in milk fat content was the result of a reduction in the amount of acetate available for the synthesis of fatty acids. The variable recoveries in fat content of the milk of cows receiving low-roughage diets and in which milk fat content had been depressed, after the intraruminal addition of acetic acid and sodium acetate or the dietary addition of sodium acetate (Stoddard, Shaw, 1961) to the relative increase in the concentration of propionic acid in the rumen liquor of cows on low-roughage diets, and to the effect of an increased absorption of propionic acid from the rumen on the synthesis of the fatty acids of milk fat from P-hydroxybutyrate and triglycerides of blood plasma. The antiketogenic effect of propionic acid is well recognized and, on this basis, the fall in milk fat content observed with low-roughage diets has been attributed, at least in part, to a decreased synthesis of fatty acids from p-hydroxybutyrate. The glucogenic effect of propionic acid also may be involved in the reduced fat synthesis, since Vallance & McClymont (1959) observed, and we have confirmed (unpublished observations) , that the intravenous infusion of glucose in the milking cow depresses milk fat secretion. McClymont & Vallance (1962) later suggested that this was the result not necessarily of a reduced synthesis of fatty acids from ,!I-hydroxybutyrate, the concentration of which in blood would be reduced by intravenous glucose infusion, but probably of a reduced synthesis from plasma triglycerides, since there was an associated decrease in the concentration of the latter in the blood plasma. In support of this possibility, we have shown that intravenous glucose infusion causes a depression in the secretion of the C, acids of milk fat (unpublished observations) and that the intravenous infusion of a cottonseed oil emulsion increases the yield of C,, acids (Storry & Rook, 1964) .
The results now presented show that a fall in milk fat content induced by a diet low in hay and high in flaked maize is associated with a decreased secretion of all major component fatty acids but that, in comparison with other acids, the secretion of the unsaturated C,, acids is decreased to a smaller extent. These results generally confirm the more limited ones previously cited and are also consistent with increases and decreases respectively reported earlier in iodine and Reichert-Meissl values of the milk fat (McClymont, 1950; Balch, Balch, Bartlett, Cox & Rowland, 1952; Balch et al. I 955) . Also the concentrations of acetate, /3-hydroxybutyrate and triglycerides in the blood plasma of both our cows were depressed, and that of glucose increased in close association with the observed depressions in milk fat content. Van Soest & Allen (1959) have previously reported a decrease in the concentration of acetate and of ketone bodies in the blood of milking cows given a diet low in roughage, and values reported by McClymont (1951) show a slightly lower range for the concentration of the total steam-volatile fatty acids in the blood of cows receiving a low-roughage diet than for normal cows. Plasma glucose concentrations in sheep given finely ground pelleted hay are also higher than those in sheep given chopped hay (Bensadoun, Paladines & Reid, 1962) . The observed changes in blood composition and in the I 08 J. E. STORRY AND J. A. F. ROOK 19% secretion of the fatty acids of milk fat would therefore be consistent with a reduced synthesis of fatty acids by each of the three routes. We intend now to evaluate the relative importance of each of the routes by determining, in milking cows given lowroughage diets, the responses in the secretion of individual fatty acids to intraruminal additions of acetic and butyric acids and to intravenous infusions of acetate, /3-hydroxybutyrate and triglycerides.
One unexplained feature of our results is that, though there is much evidence to suggest that the C, acids of milk fat are synthesized by a common route from plasma triglycerides, the observed decrease in secretion of stearic acid was much greater than the decrease in the secretion of oleic acid and of linoleic acid plus linolenic acid. This could possibly reflect an increase in the proportion of unsaturated acids of plasma triglycerides resulting from the increased ingestion of linoleic acid with the feeding of large amounts of flaked maize, especially if under these conditions hydrogenation of dietary unsaturated acids in the rumen was less complete. SUMMARY I . The effects of giving a diet containing a low proportion of hay and a high proportion of flaked maize on the milk fat content, on the yields of the major component fatty acids and on the concentrations in the blood plasma of metabolites of importance in fat synthesis, have been investigated with two cows.
2. The diet caused a marked fall in the fat content of the milk from values of about 4.0% to minimum values of about 1.5 yo, and there was a diminished secretion of all the major fatty acid components of the milk fat. The falls in the yields of the C,, unsaturated acids were less marked than those for stearic acid and the lower acids of carbon chain length C,-C,. Also the proportion of octadecenoic acid which was present as the trans-isomer increased from about 15 % to about 50%.
3.
There was a fall in the concentrations of acetate, @-hydroxybutyrate and triglyceride in the plasma, which recovered on reintroduction of the control diet. The pattern of fall and recovery of these constituents in the blood plasma followed closely that of the milk fat content.
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